ABSTRACT
INTRODUCTION
Knee osteoarthritis (OA) is a degenerative joint disease and it is the leading cause of chronic disability at older ages. This condition impacts health in various ways including functional, mental and economic, and the quality of life. In the past, there have been considerable growth in knee-related rating scales designed to measure outcomes from the perspectives of patients. Some of these instruments have been evaluated for reliability, validity and responsiveness 1 .
One of the most widely used subjective knee measurement tools is the Knee Injury and Osteoarthritis Outcome Score (KOOS) 1, 2 . The KOOS is to be used in primary OA or post traumatic OA 3 . This tool is based on Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) and the WOMAC score can be calculated using this tool 4, 5 . This instrument covers both the short-term and long-term consequences. It has been translated and culturally adapted into different languages including Singapore English and Chinese, Korean, Persian and Portugese [6] [7] [8] .
However, there is no Malay version available at present. We decided to conduct a process of cross-cultural adaptation and validation in order to use this instrument for the Malay speaking patients in Malaysia. The aim of the present study was to translate and culturally adapt KOOS into Malay to suit Malaysian patients with knee osteoarthritis and to test its psychometric characteristics (construct validity and internal reliability) using confirmatory factor analysis (CFA).
CFA is greater to exploratory factor analysis and simple reliability analysis (test-retest and internal consistency reliabilities) in many aspects 9 . CFA is a type of structural equation modeling that is concerned with measurement models 9 . It is useful to use CFA to verify the relationships between items and respective factors as it provides ways to evaluate the fit of the proposed theoretical model to the collected data 9 .
MATERIALS AND METHODS
A cross sectional study was conducted among patients who were diagnosed with knee OA between September 2013 and March 2014 in the Outpatient and Orthopaedic Clinic, Universiti Sains Malaysia Hospital, a tertiary teaching hospital in Malaysia. Patients with knee osteoarthritis diagnosed according to the clinical diagnostic criteria of the American College of Rheumatology 1986 10 and who were able to read in the Malay language were included.
Sample size for CFA depends on the model complexity and basic measurement model characteristics. Hair et al have suggested a minimum sample of 100 for a model with five or less latent constructs and more than three items in each latent construct 11 . Convenient sampling was applied and written informed consent was taken. Patients were asked to fill out the Malay version of KOOS and pro forma on sociodemographic data. The study was approved by the Human Research Ethic Committee of Universiti Sains Malaysia.
The KOOS was first developed in 1995 by Ewa M Roos and colleagues at the Departments of Orthopaedics at Lund University, Sweden, and at the University of Vermont, USA 12 . Thus, the American-English and Swedish versions were developed simultaneously 12 . It has been used in men and women from the ages of 14 to 79 years old 12 Items related to each factor (subscales) were combined to produce mean and standard deviations. Distributions of the scores were checked for possible ceiling or floor effect. This was to ensure that the patients were using the full range of possible scores. Assessment of normality and outliers was performed based on the critical ratio (i.e. for skewness and kurtosis to their standard error), Mahalanobis distance and histogram plots 13 . CFA to test for construct validity and reliability analysis were performed to assess the psychometric properties using SPSS version 22.0 and Analysis of Moment Structure (AMOS) software version 21.0.
Construct validity examines the degree to which a scale measures what it intends to measure 14 . CFA was performed to test that the five factors (domains) identified in the original study would be found with this sample of patients. The construct validity was checked with several goodness-of-fit indicators: Comparative Fit Index (CFI), Tucker Lewis Index (TLI), Incremental Fit Index (IFI), Chi-squared/degree of freedom and Root Mean Squared Error of Approximation (RMSEA) 9, 15 . A value of more than 0.9 was taken for CFI, IFI and TLI 15, 16 . Chi-squared/degree of freedom of less than 3 and RMSEA value of less than 0.08 was taken as an indicator of acceptable level 9, 13 .
The standardized factor loading (standardized regression weight), modification indices (MI), squared multiple correlation (R2) and factor loadings were used as indicators to select which items were fit to be removed in the model 9 during CFA. MI suggested correlations between variables and the factor loadings was used to assess for unidimensionality of the questionnaire 9, 13 . Unidimensionality indicates that various items measured the same attitude or ability 13 . For an established questionnaire, the factor loading for each item should be 0.6 or higher 13 .
In addition, Average Variance Extracted (AVE) was used to assess convergent validity and also reliability 13 . AVE is the average percentage of variation explained by the variables in the construct or domain 13 . The acceptable value for it was taken as more than 0.5 13 . Reliability analysis was measured using Cronbach's alpha coefficient, CR and AVE 11, 13 . Cronbach's alpha coefficient value of more than 0.7 and CR more than or equal to 0.6 represent a measure of satisfactory internal consistency 11, 13 .
RESULTS
The sociodemographic characteristics of the respondents were as shown in Table I . A total of 226 knee osteoarthritis patients had responded. The mean age of the subjects was 50.8 years old. Majority of the respondents were female (79.6%), ethnic Malay (95.6%) and the mean duration of knee osteoarthritis was 3.2 years.
Normality assessment showed that the data were normally distributed and the value for skewness for all items was satisfied (0.2-1.1). Table II represents the means, standard deviations (SD), range and proportion of patients scoring at the floor (zero) and the ceiling (100) levels on the 0-100 scale for the KOOS questionnaire. The proportion of patients who had floor effect were negligible for KOOS Symptoms, Sport/Recreational and QOL. There were no ceiling effects for all the domains. There were no missing data of KOOS item.
The Malay version KOOS was well accepted in the face validity except for minimal difficulty to understand items s7 and s8 in the questionnaire. Two patients had difficulty understanding item s7 and s8 ("kekejangan" which means "cramps or spasm", to be replaced by "kekakuan" which means "stiffness"). Patients commented that there were two questions which they believed were not suitable to them: item a9 and a11 (no knee pain while wearing or removing the socks). The expert panel decided to choose "kekakuan" for "stiffness" in item s7 and s8. The original 5-factor model of the Malay version KOOS is shown in Table III .
Confirmatory analysis showed that the original five-factor model of the Malay version KOOS (42 items) was not fit (Table IV) . Four items (s2, s5, p1, q1) were removed one by one due to low factor loadings, as shown in model I. Further deletion was done (s4, p6, p4, p2, a3) due to low factor loading and high MI. High MI indicates that the respective items are redundant. (model II). Two items were set as free parameter estimates (sp2-sp3) based on high MI in model III.
Further item deletion was done due low factor loading and high MI (a10, a16, a1, a2, a5, a9, a11) until the goodness-offit indicators of the final model which consist of 26 items (5-factor model) showed that the model was fit. The goodness of fit indices indicated that the final model had a good construct (CFI = 0.929, TLI = 0.920, IFI = 0.930 and chisquared/degree of freedom = 2.183 and RMSEA = 0.073) ( Table IV ).
The final model consists of five constructs: symptoms (four items), pain (five items), ADL (nine items), sport and recreation (five items) and QOL (three items) (Table V) The standardized factor loadings were from 0.6 to 0.8, indicating that all items contributed highly to the construct measures.
The reliability analysis showed that the Cronbach's alpha coefficient value for each construct was greater than 0.7 (Table V) . The CR and AVE of each construct also showed that the final construct had a good measure of reliability (Table V) . This is the first study that used confirmatory analysis in the validation analysis of KOOS. CFA is used to verify the factor structure of a measurement instrument. CFA has become more commonly used for construct validation and to provide evidence for convergent and discriminant validity of the theoretical construct 17 . Most of the items were removed because of low factor loading and significant overlapping (high MI). Removal of these items was shown to improve the fit indices of the model, indicating that perhaps they poorly represented the construct being measured. However, the panel of this study had also reviewed the items before they were removed as they might represent important and meaningful construct as mentioned in a previous validation study. According to Zainuddin et al, the reliability in CFA is measured by construct reliability, average variance extracted and Cronbach's alpha 13 . Therefore, in this study, the three analyses of CR, AVE and Cronbach's alpha are adequate to measures reliability.
Several limitations were encountered. This study was validated among knee osteoarthritis patients in a North East Malaysian state and the findings may also be valid in other states in the country. However, because a large number of items were removed during the study, the KOOS should be administered with caution until cross-validation studies are conducted in other states. Hair et al recommended collection of a new sample and validation upon removal of more than 20 percent of items in a questionnaire 11 . Another limitation was that this study did not correlate KOOS with other instruments. Therefore, we recommended further research to validate the Malay version of KOOS in other Malaysian states and to correlate it with other instruments such as the Malay version of WOMAC questionnaire.
In conclusion, the five-factor model with 26 items Malay version of KOOS questionnaire demonstrated a good degree of goodness-of-fit and was found to be highly valid and reliable as an assessment tool for symptoms, pain, activity of daily living, sports and recreational activity and quality of life for Malaysian adults suffering from knee osteoarthritis. This questionnaire is considered potentially very useful during an outpatient visit as a quick assessment of knee pain and may also be used to monitor changes of activities in patient with knee osteoarthritis.
ABBREVIATIONS
ADL, function in daily living; Sport & Rec, sport and recreation; QOL, quality of life; CFA, confirmatory factor analysis; CFI, comparative fit index; TLI, Tucker Lewis index; IFI, incremental fit index; RMSEA, root mean squared error of approximation; MI, modification indices; R 2 , squared multiple correlation; AVE, average variance extracted; CR, construct reliability.
